BACKGROUND: Hospitalized pediatric oncology patients are at high risk of clinical decline and mortality, particularly in resourcelimited settings. Pediatric early warning systems (PEWS) aid in the early identification of clinical deterioration; however, there are limited data regarding their feasibility or impact in low-resource settings. This study describes the successful implementation of PEWS at the Unidad Nacional de Oncolog ıa Pedi atrica (UNOP), a pediatric oncology hospital in Guatemala, resulting in improved inpatient outcomes. METHODS: A modified PEWS was implemented at UNOP with systems to track errors, transfers to a higher level of care, and high scores. A retrospective cohort study was used to evaluate clinical deterioration events in the year before and after PEWS implementation. RESULTS: After PEWS implementation at UNOP, there was 100% compliance with PEWS documentation and an error rate of <10%. Implementation resulted in 5 high PEWS per week, with 30% of patients transferring to a higher level of care. Among patients requiring transfer to the pediatric intensive care unit (PICU), 93% had an abnormal PEWS before transfer. The rate of clinical deterioration events decreased after PEWS implementation (9.3 vs 6.5 per 1000-hospitalpatient-days, p 5 .003). Despite an 18% increase in total hospital patient-days, PICU utilization for inpatient transfers decreased from 1376 to 1088 PICU patient-days per year (21% decrease; P<.001). CONCLUSIONS: This study describes the successful implementation of PEWS in a pediatric oncology hospital in Guatemala, resulting in decreased inpatient clinical deterioration events and PICU utilization. This work demonstrates that PEWS is a feasible and effective quality improvement measure to improve hospital care for children with cancer in hospitals with limited resources.
INTRODUCTION
Hospitalized pediatric oncology patients are a high-risk population with frequent life-threatening complications. Failure to identify clinical deterioration in these patients can result in severe complications and death. The global burden of pediatric cancer is disproportionately shifted toward low-and middle-income countries; approximately 80% of children with cancer live in countries with limited resources, which account for >90% of childhood cancer deaths.
1 As cancer treatment becomes more available worldwide, multiple specialized pediatric oncology units have formed in these regions. 2 Unfortunately, resource-limited hospitals caring for pediatric oncology patients face the combined challenge of managing this vulnerable population with limited infrastructure and staffing, resulting in high inpatient mortality.
Pediatric early warning systems (PEWS) are nursing-administered clinical acuity tools associated with escalation algorithms used to improve the early identification of clinical deterioration in hospitalized patients. There are numerous published PEWS tools which vary in accuracy predicting deterioration; 3, 4 some have been successfully validated in multicenter trials, 5 and across various subspecialty populations. 6 Hospital implementation of the PEWS tool and escalation algorithm (rescue system triggering a physician assessment or rapid response team) has been shown to decrease rates of cardiopulmonary arrest outside of the Pediatric Intensive Care Unit (PICU), severity of illness on PICU transfer, PICU utilization, and overall hospital mortality. [7] [8] [9] PEWS are widely used in hospitals caring for pediatric oncology patients, 10 and one score has been validated to predict unplanned PICU transfer in hospitalized oncology and hematopoietic stem cell transplant (HSCT) patients. 11 Although patient care in hospitals with limited resources would significantly benefit from low-cost, effective interventions that improve the early identification of clinical deterioration, there are limited data regarding the use of PEWS in these settings. 8 In the current study, we describe the successful implementation of a modified PEWS in the Unidad Nacional de Oncolog ıa Pedi atrica (UNOP), a resource-limited pediatric oncology hospital in Guatemala, and evaluate its impact on inpatient outcomes.
MATERIALS AND METHODS

Setting
Guatemala is a low-middle income country (LMIC) in Central America with a population of 16.3 million, an under 5 mortality of 29.1 per 1000 live births, and a gross national income (GNI) of US$3590 per capita. 12 In 1998, the Guatemalan government signed a bill to create UNOP, a dedicated free-standing national pediatric cancer center to provide pediatric oncology treatment to children in Guatemala. At the time of its founding, the survival rate of children with cancer in Guatemala was less than 25%. After 15 years of operation, UNOP has raised this survival rate to 65%. Currently, UNOP has 67 inpatient beds with 2000 admissions per year and an 8-bed PICU with 300 to 400 admissions per year. UNOP has become a leader in the Pediatric Hematology-Oncology Association of Central America (Asociacion de HematoOncolog ıa Pediatrica de Centro America [AHOPCA]), a pediatric oncology collaborative, 2 and cares for >50% of children with cancer in Guatemala (500 new cancer diagnoses per year). The hospital has pediatric oncology and pediatric critical care fellowship programs to assist with capacity building for the AHOPCA programs. UNOP has a strong nursing leadership, with nurse educators dedicated to nursing and family education. 13 Nurse-topatient ratios outside of the PICU range from 1:2 in the intermediate care unit (IMCU) to 1:4 to 6 on the other inpatient wards. Vital signs are recorded by nurses and nursing assistants every 2 hours in the IMCU and every 3 hours in the inpatient wards. All clinical documentation is on paper flowsheets, with an electronic database documenting patient admission, discharge, and transfers.
Although UNOP has made great advances since its founding, the hospital continues to face several major challenges. Compared to the recommended ratio of 1 pediatric oncologist for 15 new cancer cases per year in high-resource centers, 14 the number of pediatric hematologist-oncologists at UNOP remains low (ratio of 1 oncologist for 66 new diagnoses per year), and there are limitations on availability of other health professionals (psychologists, nutritionists, pharmacists, infectious disease specialists, surgeons) (Dr. Antillon-Klussmann, personal communication December, 2016). Nurses generally have 3 years of post-high school education, and, like many specialized centers in resource-limited setting, 15 there is a high rate of nursing turn-over after completing training with many new personnel (Ms. Soberanis, personal communication December, 2016) . The patient population at UNOP also reflects the challenges faced by many resource-limited hospitals in LMIC; 75% of families have low socio-economic status, 16 limiting their access to care and medical knowledge, over 50% of patients are malnourished at time of diagnosis, 17 and late diagnosis is common with over 1/3 of solid tumor cases presenting with metastatic disease. 18 These challenges reflect UNOP's resource limitations and result in pediatric cancer survival rates that continue to be lower than those of high-resource countries (80% overall survival). 19 Prior to PEWS implementation, UNOP had no set protocol for escalation of care in hospitalized patients. Nursing staff were expected to notify the primary oncology team of any clinical changes. Floor physicians called to evaluate hospitalized patients adjusted treatment and/or called the PICU for patient transfer, without formal notification criteria. Decision to escalate care was made jointly by the PICU and floor team based on clinical assessment and requirements of PICU-level interventions (mechanical ventilation, vasoactive infusions, etc) or increased nursing care and monitoring. While the PICU team was notified of all PICU transfers (UNOP has a "closed" PICU with primary management by the PICU team in collaboration with oncology), there was no formalized PICU consultation, rapid response team, or code blue team in place within the hospital. UNOP's hospital policy dictates that mechanical ventilation and vasoactive infusions were only offered in the PICU and no inpatient was refused PICU admission if their clinical status required; these policies did not change in the years before and after PEWS implementation.
Implementation
A multidisciplinary team of key informants at UNOP established PEWS implementation was feasible based on long-term institutional dedication to quality improvement, strong nursing buy-in for the project, and PICU commitment to improving outreach and monitoring in the hospital wards. This group modified the PEWS tool and algorithm from Boston Children's Hospital (BCH) 11, 20 for use at UNOP (see Supporting Information 1-3). We aimed to retain key elements of the PEWS system while translating it into Spanish and adjusting for practice variations between BCH and UNOP. Edits to the PEWS tool included addition of the A-V-P-U (Alert; Verbal response; response to Pain; Unresponsive), 21 a commonly used nursing bedside neurologic assessment at UNOP, simplification of cardiac rhythm description to better reflect the knowledge-base of UNOP's nursing staff, and modification of saturation and oxygen therapy limits to appropriately describe hospital standards for floor management. Vital sign limits were also updated to reflect recently published heart rate and respiratory rate percentiles for hospitalized children. 22 The PEWS escalation algorithm established a protocol for escalation of care for hospitalized patients. This included criteria for nursing notification of floor oncologists (for any yellow or red PEWS), and created a formal PICU consult for prompt evaluation of deteriorating hospitalized patients. A PICU consultation was mandatory for all patients with red PEWS (5), and suggested for any abnormal score (3). The need for PICU transfer was determined based on the joint clinical assessment of the floor oncologist and PICU physician called to evaluate the patient, as prior to PEWS implementation.
A timeline of the PEWS project at UNOP can be found in Supporting Information 4. The modified PEWS was first piloted in the IMCU at UNOP. During the pilot, we focused on identifying problems with the tool and making the necessary adjustments. After a successful pilot, the PEWS system was implemented unit by unit in all non-PICU inpatient areas over a 6-month period. During this time, all 113 inpatient nurses and all physicians were trained in the use of the PEWS tool and associated escalation algorithm as part of routine patient care. Implementation also involved modification of nursing flowsheets to allow PEWS documentation, and PEWS color coding (green, yellow, or red) on all unit census boards. Procedures were developed to train newly hired nurses and physicians on the PEWS system as part of orientation.
Quality Measurement
At the end of PEWS implementation, compliance with PEWS performance and documentation was 100%. We then began measuring the accuracy of PEWS calculation by nursing staff, the frequency of abnormal (red, score 5) PEWS, and maximum PEWS prior to inpatient clinical deterioration events (unplanned PICU transfers).
Errors in PEWS calculation were measured weekly starting in November 2014. A nurse educator randomly selected a 24-hour period each week and reviewed nursing documentation for all hospitalized patients outside of the PICU. Documented PEWS were checked for accuracy using appropriate ranges for heart and respiratory rates, oxygen saturation and use, and PEWS omissions (vital signs without PEWS); identified errors were recorded. Because each variable was noted individually, it was possible to have >1 error per documented PEWS (error rate >100%). These data were compiled weekly for hospital totals, as well as divided by unit and by nurse. Weekly unit error rates were displayed on hospital monitors visible to all staff. Awards were given to nurses with no errors at the time of each review; staff with high error rates received individualized refreshers. Nurse supervisors and physicians were encouraged to ask about PEWS results at the change of shifts and rounds to reinforce the importance of the PEWS system. Because UNOP's PEWS algorithm (see Supporting Information 2) asked the treatment team to consult the PICU regarding any patients with a high (red, score 5) PEWS, we documented all red PEWS for 4 months to assure that this policy was not unintentionally overwhelming UNOP's limited PICU resources. Unit nursing managers checked PEWS documentation daily for any red PEWS and recorded the outcomes (transfer to a higher level of care). Because the frequency of red PEWS was not changing significantly, and the PICU at UNOP believed the frequency of consults was reasonable for their staffing, ongoing measurement was stopped.
Outcome of PEWS Implementation
Using a retrospective cohort design, we identified all inpatient clinical deterioration events before (January to December 2013) and after (January to December 2015) PEWS implementation. Data were not collected during the year of PEWS implementation (2014) due to sequential adoption of the tool in different units at UNOP, and to allow for a washout period. Inpatient clinical deterioration events were defined as unplanned (nonelective) PICU transfers in hospitalized patients or cardiopulmonary arrests outside the PICU. No cardiopulmonary arrests occurred on the inpatient unit outside the PICU before or after PEWS implementation, and therefore our analysis focused on unplanned PICU transfers. Patients receiving palliative care before PICU transfer and those without a cancer diagnosis were excluded from this analysis. The policy of UNOP is to transfer patients in whom cancer has been ruled out to other pediatric centers, thereby preventing follow-up in these patients.
All PICU admissions were identified using unit logbooks and UNOP's electronic patient management system. Each case was reviewed to distinguish unplanned inpatient transfers to the PICU from other PICU admissions (scheduled postoperative admissions or admissions from the emergency room, clinic, or other hospitals). All PICU admissions in the study period were reviewed for inclusion in the current study to ensure completion; there were no missing records. Hospital-wide data regarding annual admissions and patient-days were obtained from UNOP's census.
For cases identified during the study period (inpatient clinical deterioration events in 2013 and 2015), patient characteristics, severity of illness on PICU transfer, interventions, and PICU outcomes were extracted via chart review and documented on case report forms.
In 2015, the highest PEWS score in the 24 hours before PICU transfer also was recorded. Laboratory values at the time of PICU transfer were defined as the closest documented laboratory value within 24 hours of PICU admission. The Pediatric Index of Mortality 2 (PIM2) is a measure of the likelihood of dying during PICU admission 23 and was routinely calculated by the PICU physician caring for the patient at the time of first contact with the PICU team as part of institutional quality improvement. Severe sepsis, septic shock, and organ dysfunction were defined using the International Pediatric Sepsis Consensus Conference definition. 24 Information regarding laboratory values, PIM2, sepsis categorization, and evaluation of organ dysfunction was available for all patients; there were no missing data among these variables.
Deidentified data were entered into a Research Electronic Data Capture (REDCap) tool quality improvement database. 25 Data analysis was performed using SAS statistical software (version 9.3; SAS Institute Inc, Cary, NC). The Fisher's exact test and 2-sample Wilcoxon test were used to compare the characteristics of inpatient clinical deterioration events before and after PEWS implementation at UNOP. The Generalized Estimating Equations (GEE; SAS Proc Genmod) method was used to control for correlation due to repeated observations on a single patient. Clinical deterioration events were evaluated as rate per 1000 hospital patient-days.
Ethics Approval
PEWS implementation at UNOP was a quality improvement study approved by UNOP's Institutional Review Board. Research on the impact of PEWS implementation at UNOP was approved by the Institutional Review Boards at UNOP and the Dana-Farber/Harvard Cancer Center. Every week, a 24-hour period was randomly selected and reviewed for accuracy in interpreting heart rate, respiratory rate, and oxygen saturation or oxygen use, and identified errors were recorded. Each data point represents a review of 300 to 400 individual documented PEWS during each 24-hour period. HR heart rate; RR, respiratory rate; SpO2/O2, oxygen saturation or oxygen use. 
RESULTS
PEWS Implementation
At the end of PEWS implementation, there was 100% compliance with documentation of PEWS with every set of vital signs on nursing flowsheets. In weekly review, there were 300 to 400 documented PEWS at UNOP during each 24-hour period. Figure 1 shows changes in weekly error rates over time after completion of PEWS implementation from November 2014 to December 2015. Despite the initially high error rate of 47%, ongoing individualized refreshers, improving point-of-care access to the PEWS tool, integrating PEWS conversations into rounds and change-of-shift discussions, and publicizing the error rates lowered the error frequency to <10%.
Compliance with PEWS documentation continued to be excellent, with only 121 of 18,623 reviewed vital signs lacking corresponding PEWS during this period (99.4% compliance).
To track use of PICU resources at UNOP after PEWS implementation, we documented all high (red, score 5) PEWS and their outcome (transfer to a higher Figure 2 . Maximum pediatric early warning system (PEWS) result in the 24 hours prior to unplanned pediatric intensive care unit (PICU) transfer among hospitalized oncology patients at the Unidad Nacional de Oncolog ıa Pedi atrica (UNOP). Cases of inpatient clinical deterioration, defined as an unplanned PICU transfer among hospitalized patients, were identified using unit logbooks and UNOP's electronic patient management system between January 2015 and December 2015. Patient characteristics and maximum PEWS scores in the 24 hours prior to unplanned transfer were extracted via chart review and documented on case report forms. Figure 3 . Hospital admissions, pediatric intensive care unit (PICU) admissions, and inpatient unplanned PICU transfers at the Unidad Nacional de Oncolog ıa Pedi atrica (UNOP) before and after pediatric early warning system (PEWS) implementation. Total hospital and PICU admissions were calculated using UNOP's electronic patient management system. All PICU admissions were reviewed to determine whether the patient was a direct PICU admission or an inpatient PICU transfer. Among transfers, unplanned PICU transfers (cases) were identified by chart review. PICU transfers who were excluded from analysis were hospitalized patients undergoing elective surgery (postoperative), patients without a cancer diagnosis (not cancer), and those receiving palliative care before PICU transfer.
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August 1, 2017 level of care/no transfer) throughout UNOP for 4 months after implementation (Table 1) . During this period, there were 88 high PEWS (approximately 5 per week), with 26 (30%) resulting in a transfer to a higher level of care, and the remainder of patients improving after ward-based interventions.
Data were collected on all inpatient clinical deterioration events after PEWS implementation (defined as unplanned inpatient PICU transfers) and maximum PEWS within the 24 hours before transfer. From January 2015 to December 2015, there were 130 unplanned PICU transfers at UNOP. Figure 2 shows the distribution of maximum PEWS prior to unplanned transfer; 93% (121/130 total transfers) had abnormal (yellow or red) scores.
Hospital Outcomes
In the period before and after PEWS implementation at UNOP, the volume of hospital admissions increased from 2054 admissions in 2013 (before) to 2280 admissions in Characteristics of inpatient clinical deterioration events at UNOP before and after PEWS implementation are described in Table 2 . The frequency of deterioration among hospitalized patients decreased significantly after PEWS implementation: 157 unplanned PICU transfers before versus 130 transfers after implementation (7.6% vs 5.7% of hospital admissions; P 5 .012); this trend was not observed among other PICU admissions (7.4% vs 8.7% of hospital admissions, P5.132). These clinical deterioration events occurred in 123 and 118 individual patients, respectively, with fewer unplanned PICU transfers per patient noted after PEWS implementation (P 5 .047). In 2015, after PEWS implementation, respiratory problems were a more common reason for PICU transfer (P 5 .002), with respiratory distress and fever/neutropenia being more common diagnoses at the time of PICU transfer. These results were unchanged when controlling for correlation due to repeated observations on a single patient (see Supporting Information 5).
In comparing inpatient clinical deterioration events before and after PEWS implementation, we sought to describe the severity of illness at the time of PICU admission and outcomes of the PICU stay (Table 2 ). There was no difference with regard to the PIM2 score, presence of severe sepsis or septic shock on PICU admission, or organ dysfunction within 24 hours of PICU admission noted between the 2 groups. There also was no difference noted with regard to PICU length of stay, disposition, or mortality (P 5 .41).
To evaluate the effect of PEWS implementation on hospital care at UNOP, we compared the rates of inpatient clinical deterioration events and PICU resource utilization before and after PEWS implementation relative to hospital patient-days (Table 3 ). There were no inpatient cardiopulmonary arrests outside of the PICU during the study period. There were fewer inpatient clinical deterioration events after PEWS implementation (9.3 vs 6.5 per 1,000 patient days, P = .003). This resulted in less PICU utilization for unplanned transfers (1376 vs 1088 total PICU patientdays, 21% decrease), despite an 18% increase in total hospital patient days (16,836 to 19,928; 8.2% vs 5.5%, P < .001). There were fewer episodes of severe sepsis or septic shock requiring PICU transfer (P=.044), presence of Abbreviations: PEWS, pediatric early warning system; PICU, pediatric intensive care unit; UNOP, Unidad Nacional de Oncolog ıa Pedi atrica. Total hospital patient-days were calculated using UNOP's electronic patient management system. Data were extracted from the patient record via a retrospective chart review for all cases (unplanned inpatient PICU transfers). Data are presented as the number of events per year and rate per 1000 hospital patientdays. P values were calculated using the Fisher's exact test.
organ dysfunction in the first 24 hours of PICU admission (P 5 .03) or during the entire PICU course (P 5 .017). There was no difference in use of mechanical ventilation or vasopressors, or overall non-palliative hospital mortality.
DISCUSSION
Hospitalized pediatric oncology patients are a high-risk population with frequent inpatient clinical deterioration events and high mortality. Outcomes for this population are worse in resource-limited settings, where infrastructure and personnel shortages may result in the late identification of clinical changes. As access to childhood cancer treatment increases in resource-limited settings, there is a need for effective, low-cost methods to improve care. There is little literature regarding the use of PEWS systems in resource-limited settings, 26 where they may have a higher impact because of increased baseline hospital mortality. A study in Malawi demonstrated that PEWS implementation decreased mortality, despite a lack of access to a PICU or PICU-level interventions. 8 We achieved successful implementation of PEWS in a resource-limited pediatric oncology hospital, with excellent accuracy in the calculation of the scores and 100% compliance with documentation. It is important to note that the low error rate (<10%) was maintained throughout the year after the implementation of PEWS. This success was the result of using a multidisciplinary team and a strong institutional commitment to the project. Throughout implementation, we sought input from staff regarding strategies to improve the PEWS system and responded quickly to feedback. This open communication launched several changes, such as clipboards with the PEWS tool, vital sign limits that were accessible at the bedside, and rewarding nurses with low error rates. These measures improved staff buy-in and were balanced with targeted interventions for staff members who had frequent errors or were resistant to the project.
Throughout PEWS implementation at UNOP, we were careful to avoid overburdening the hospital's limited resources. Our prior experience with PEWS at BCH suggested that calculation of PEWS was not time-intensive for nursing staff (requiring 10 seconds to calculate the score); 6 this was confirmed by staff at UNOP (Ms. Soberanis, personal communication, December 2016). To avoid taxing limited PICU resources with excessive consultations, we monitored the frequency of high PEWS results. The PICU team at UNOP expressed that the frequency of abnormal alerts (about 5 per week) did not interfere with their ability to care for PICU patients. While the specific interventions resulting from abnormal alerts were not recorded, we believe that only 30% of patients with red PEWS required PICU transfer because early interventions abrogated the need for a higher level of care.
As part of PEWS implementation, we tracked unplanned PICU transfers and maximum PEWS scores in the 24 hours prior to PICU admission. Our data suggests that PEWS appropriately identified the majority of patients requiring PICU care, with 93% of transfers having abnormal scores. These results are similar to the original PEWS validation at BCH, where 90% of unplanned inpatient oncology PICU transfers had abnormal PEWS.
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After implementation of PEWS, we evaluated its effect on patient outcomes at UNOP. There was a significant decrease in the rate inpatient clinical deterioration events from 9.3 to 6.5 per 1000 patient-days, with 21% reduction in PICU utilization. Improvement in PICU service delivery and decrease in clinical deterioration has been described after PEWS implementation in other centers 9, 27 and may explain the decreased mortality observed in Malawi despite no available PICU resources. 8 We also observed fewer episodes of severe sepsis, septic shock, or organ dysfunction requiring PICU transfer. The mechanism by which PEWS systems improves hospital outcomes is likely multifactorial; the PEWS tool offers structured monitoring and assessment of hospitalized patients, and the escalation algorithm creates a hospital protocol for escalation of care and timely rescue of deteriorating patients via a formal PICU consult. Studies in high resource settings have shown similar results after implementation of a rapid response team (rescue system) triggered by a multi-component tool (PEWS). 7, 28 Our study did not, however, demonstrate a decrease in severity of illness on PICU transfer (PIM2), nor use of PICU-level interventions (invasive mechanical ventilation, vasopressors), as had been demonstrated after PEWS implementation in other high-resource hospitals. 9 We believe this difference may reflect variation in the benefit of PEWS systems in high versus low-resource hospitals. UNOP, like many resource-limited hospitals, must treat a high volume of critically ill patients with fixed PICU resources, and has limited capacity to admit patients for observation who do not require intensive interventions. When hospital patient volume increases, as it did at UNOP during the study period, strain on limited PICU resources can worsen. The result of PEWS implementation in this setting may decrease clinical deterioration on hospital wards, avoiding the need for PICU interventions and subsequent PICU transfer when PICU resources are limited. This is a potential benefit of PEWS implementation in resource-limited settings that may apply beyond pediatric oncology units.
There are a number of limitations to this study. All data collected were extracted from patients' charts and the hospital's patient logs. It is possible that missing or incomplete data resulted in incorrect characterization of PEWS errors or inpatient clinical deterioration events. Our ability to detect errors was limited to data that could be extracted retrospectively from nursing documentation (heart rate, respiratory rate, oxygen saturation, oxygen use), and not on other components of the PEWS score (mental status, physical exam); thus, it is possible that our documented error rate is lower than the true errors in PEWS calculation. Measuring this true error rate would require direct observation of all nursing staff during each patient assessment, which was not possible with the resources available. We are reassured, however, that the trend in the error rate, as well as its sustained low level, suggests true incorporation of PEWS into routine patient care activities at UNOP.
We evaluated the effect of PEWS implementation at UNOP using a before-and-after study design, which has a number of limitations. 29 Changes in UNOP's patient case mix, frequency of late or relapsed disease, or decisions surrounding palliative care between the two years could have affected our results. Between the two years of the study, UNOP experienced an increase in overall patient volume, and a higher ratio of intermediate-and high-risk Acute Lymphoblastic Leukemia (ALL) patients; there were no other significant differences (see Supporting Information 6). Importantly, there were also no major protocol changes for common cancer diagnoses such as ALL (Dr. Antillon-Klussmann, personal communication, December, 2016). There was also no change in criteria for PICU admission between the two years, seen by the lack of difference in admission PIM2 scores. The increased hospital volume and ALL risk categorization should have increased the severity of illness among hospitalized patients at UNOP; this is a possible explanation for more respiratory distress in patients requiring PICU transfer in the year after PEWS implementation. If PEWS implementation had no effect on inpatient clinical deterioration events at UNOP, we would expect an increase rate of clinical deterioration events as the hospital strained with increased volume and illness severity. The observed decrease in deterioration events and PICU utilization in these patients suggests that PEWS implementation improved identification of deterioration despite these factors.
We believe that the decrease in clinical deterioration events at UNOP following PEWS implementation was a result of improved floor-level monitoring, assessment, and intervention. While we were able to capture all PICU transfers and establish that no patients required cardiopulmonary resuscitation on the wards, the volume of inpatients at UNOP and lack of an electronic medical record prevented us from tracking floor-level interventions made by the clinical team or outcomes for all patients with yellow PEWS results. It was also not possible to capture all PICU consults not associated with a red PEWS or PICU transfer. This limited our ability to pinpoint the exact element of floor-based care that was improved by PEWS implementation; however, it appears that the system overall was effective in improving patient care as seen by the decrease in clinical deterioration events and PICU utilization, despite an increase in hospital volume.
Conclusions
The current study describes the successful implementation of PEWS in a resource-limited pediatric oncology hospital, resulting in fewer inpatient clinical deterioration events and decreased PICU utilization. The results of this study demonstrate that PEWS is a feasible and effective quality improvement tool for the early identification of clinical deterioration in resource-limited settings. Although this data suggests that PEWS appropriately identified hospitalized patients requiring transfer to a higher level of care, a prospective validation in this setting also is necessary.
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